The aim of the study was to determine concentrations of 13 macro and trace elements in different barley genotypes depending on the year of growth (2011, 2012, and 2013) ). Barley products can provide necessary macro and trace elements, especially of Mn, Mg, Fe, and Zn (7.8-16.1; 1024-1249 29.2-52.9, and 20.5-33.7 mg·kg -1 , respectively).
INTRODUCTION
Cereals are the most important food source for human consumption. From the approximately 2.3 billion tonnes of cereals currently produced, roughly 1 billion tonnes are used as a source of human food and world cereal supplies remain high . Cereal products provide significant amounts of most nutrients including relevant quantities of minerals and are an important part of a balanced diet in many countries. In Europe the average annual consumption of cereal grains is 131 kg per capita (Poutanen, 2012) .
Barley (Hordeum vulgare L.) is one of the most important cereals grown worldwide and in 2016 barley production in the EU was 59 990 thousand tonnes, including 289 thousand tonnes produced in Latvia (Anonymous, 2016) , where most of the yield is used for feed. Barley historically has been an important food source in many parts of the world, including in the Middle East, North Africa, Asia and northern and eastern Europe and there is increased interest in barley food because of its nutritional value (Baik and Ulrich, 2008) , but human consumption of barley is still relatively low. According to the EU Cereals Balance Sheet for the marketing year 2016/2017, the human use of wheat is 47.8 million tonnes (from total use 117.0 million t) and human use of barley is only 0.4 million t (from the total use of cereals 51.0 million t) .
From the nutritional point of view, attention is mainly focused on essential macro elements (K, Ca, and Mg) and trace elements (Fe, Cu, Mn, and Zn) in grain products. Minerals in cereal grain, also in barley, are mostly found in the aleurone layer (Lui et al., 2007; Poultanen, 2012) . Mineral and vitamin deficiencies affect a greater proportion of the world's population than does protein energy malnutrition. Even though micronutrients are needed in a minute quantities (i.e. micrograms to milligrams per day), they have a tremendous impact on human health and wellbeing. Insufficient dietary intakes of these nutrients impair the functions of brain, immune and reproductive systems and energy metabolism (Graham et al., 2001) .
PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 72 (2018) Transfer of various elements to the food chain of humans is significantly affected by the geological origin of the soils and the groundwater basin as well as the growing area of the cereals. Some trace elements like Fe, Mg, Zn, and Co, are essential micronutrients with a variety of biochemical functions in all living organisms. However, the benefits of these micronutrients may be completely reversed at too high concentrations. Some heavy metals, particularly Cd and Pb, have been considered as serious soil and environment pollutants due to their toxicity at low concentrations (Korkmaz et al., 2010) .
Concentration of toxic heavy metals (Pb, Cd, Cr) and their effect on human health and the amounts of essential heavy metals (Ni, Cu, Zn) in agricultural products have been reported previously (Pirsaheb et al., 2015) . Pb and Cd are very toxic even at low concentrations, Cr is carcinogen, but it is essential at low concentrations, Ni can be toxic, but normally occurs at very low concentrations, and Zn and Cu are needed for humans at certain levels.
Hull-less barley as a whole grain cereal with increased content of soluble fibre has been recognised as more valuable and economic in the food industry than covered barley, because of interest of consumers and publicity on healthy food products (Baik and Ullrich, 2008) . Research on hull-less barley and its cultivation is now receiving more emphasis and indicates potential for various end uses, also in Latvia (Bleidere et al., 2013a; 2013b) . Unlike hulled barley, it is possible to use hull-less barley in food products directly without de-hulling. The outer parts of grain, which contain more dietary quality related compounds, including macro and trace elements, can be included in food.
The quality of human life depends on the chemical composition of food and on the environment (Kabata-Pendias, 2011) . Soil is the main source of trace elements for plants, both of micronutrients and pollutants (Kabata-Pendias and Mukherjee, 2007) . The macro and trace element contents of plants are affected by the cultivar of plant, soil conditions, weather conditions during the period of growth, use of fertilisers and the state of the plant maturity at harvest (Kabata-Pendias, 2011). As agriculture is the primary source of all micronutrients for human consumption, agricultural systems must contribute to dysfunctional food systems failing to meet the nutritional needs of everyone (Welch and Graham, 2005) .
Demand for organic agriculture and environmentallyfriendly agricultural products is increasing worldwide. In this respect, it is not known whether and how different agriculture techniques and/or cultivation systems may affect the composition of nutrients in the final product. Comparison of organic and conventional foods in terms of nutritional value, sensorial quality and food safety has often highlighted controversial results. As a consequence, a clear link between cultivation system and nutritional profile of agricultural products is still missing (Bourn and Prescott, 2002) .
The aim of the study was to determine macro and trace element concentrations in different barley genotypes depending on environment and agricultural practice, and evaluate risks regarding Cd, Pb, Cr, Ni, Cu, and Zn concentrations in barley and nutritional aspects regarding K, Na, Ca, Mn, Mg, Fe, Cu, Zn, and Cr concentrations in barley. (N -80, P -28.6, K -112.4 kg·ha -1 ). The application of N was split, part was applied at the time of sowing and the remaining half at the end of the tillering stage (growing stage/GS 29) of the crop. Ammonium nitrate (N 34%) was used as top-fertiliser in the following amounts: 40 kg N per ha (N120) and 80 kg N per ha (N160). The treatments were laid out in a randomised complete block design; the plot size was 10 m 2 and four replicates were used.
MATERIALS AND METHODS

Soil
Weather conditions. The average air temperature from April to August differed annually in the period 2011-2013 (Table  1) . The most significant differences in temperature were noticed in June: 13°C in 2012) and 17°C in 2011 and 2013). Temperature was similar in August in all study years (15.5 to 16.6°C). Precipitation differences between the study years (Table 1) were most significant in July -36 (2013) to 165 mm (2011). The weather conditions were warmer than long-term average observations with heavy rainfall occasionally during the growing period of 2011.
Description of the studied barley. In cooperation with the Stende Research Centre the following barley cultivars/genotypes were used in the study: three hull-less genotypes '1185', 'Kornelija', '1165', and hulled variety 'Ansis'. Hull-less breeding line '1185' is characterised by high grain yield, starch, a-tocopherol concentration and radical scavenging activity, line '1165' has high total phenol concentra-tion, and variety 'Kornelija' has high crude protein and b-glucan concentration in grain (Bleidere et al., 2013a; Bleidere et al., 2013b) . Hulled barley 'Ansis' is a widely grown variety in Latvia. In the article coding is used for designation of the growing system (Table 2) .
Barley genotypes were sown with a compact trial drill "Hege 80" in a well prepared seedbed at a rate of 500 germinating seeds per m². The plot size was 10 m 2 and four replicates were used. The yield was harvested using a combine "Hege 140". Sampling was done according to the ISO 950 Cereals-Sampling (as Grain) standard.
Analysis of macro and trace elements. Concentrations of thirteen macro and trace elements (Cd, Pb, Ni, Cr, Al, Cu, K, Na, Mn, Fe, Zn, Mg, Ca) were determined in cereal grain samples (n = 48) provided by the Stende Research Centre (collected in 2011-2013) . Average moisture content in the grain was 10-13%.
Sample mineralisation. Grain was ground and 0.5-1.0 g was weighed in a crucible, which was placed in a muffle furnace with a programmable heating regime. Grain samples were dried for 1 h at 110°C; then the temperature was increased (50°C h -1 ) until 450°C and held for eight hours. Then the crucible was removed from the muffle furnace and cooled to room temperature, and 1-3 ml of water was added to the dry residue. This procedure was repeated until light grey or white ash was obtained. Then 2 ml 6 M HCl were added and evaporated. The residue was dissolved in 25 ml 0.1 M HNO 3 (Anonymous, 1999 Human exposure and nutritional value assessment. Calculation of use of grain and grain products in Latvia was done using the data of the Central Statistical Bureau of Latvia on consumption of flour, dough, flakes, bread, pasta, pizza, pastry etc. per capita in 2015 (Anonymous, 2015a) . The calculated human consumption was~130 g per day per capita.
The values of Estimated Weekly Intake (EWI) or Estimated Daily Intake (EDI) were calculated using a formula published previously (Anonymous, 2005) and modified by Reinholds et al. (2017) :
where: D (= EWI or EDI) -exposure dose in µg·kg -1 per week (or per day) per kg of body weight, C -element concentration µg·kg -1 grain, 0.13 -human intake of grain Table 3 ). K, Na, and Ca concentrations did not significantly differ between barley genotypes (KruskalWallis test, p > 0.05).
Magnesium (Mg) concentration was from 1024 mg·kg -1 in '1185'+160 to 1249 mg·kg -1 in 'Kornelija'+120 (see Table   3 ). Mg concentration between barley genotypes significantly differed (Kruskal-Wallis test c2 = 12.626, p = 0.006). Mg concentration significantly differed between barley varieties 'Kornelija' and '1185' (pairwise comparisons with Bonferroni correction, adjusted p = 0.012).
Iron (Fe) concentration was from 29.2 mg·kg -1 in '1185'+ BIO to 52.9 mg·kg -1 in 'Kornelija'+120 (see Table 3 ). Fe concentration between barley genotypes significantly differed (Kruskal-Wallis test, c2 = 15.002, p = 0.002). Fe concentration significantly differed between barley varieties '1185' and 'Kornelija' and also '1185' and 'Ansis' (pairwise comparisons with Bonferroni correction, adjusted p-values 0.001, and 0.047, respectively).
Concentrations of trace elements in four barley genotypes depending on growing conditions (conventional growing with three different nitrogen supplies and organic growing) are shown in Table 4 .
Cadmium (Cd) concentration was under the detection limit in 3 samples ('1185+120, '1185' BIO and '1165' BIO) and the highest value was 0.027 mg·kg -1 , in 'Kornelija'+80 (see Table 4 ). The concentration of Cd did not significantly differ between barley genotypes (Kruskal-Wallis test, p > 0.05).
Lead (Pb) concentration was from 0.013 mg·kg -1 in '1165'+80 to 0.066 mg·kg -1 in 'Kornelija'+120 (see Table   4 ). Pb concentration did not significantly differ between barley genotypes (Kruskal-Wallis test, p > 0.05).
Chromium (Cr) concentration was from 0.111 mg·kg -1 in '1185'+80 to 0.327 mg·kg -1 in 'Ansis'+120 (see Table 4 ). Nickel (Ni) concentration was from 0.161 mg·kg -1 in '1185'+120 to 1.264 mg·kg -1 in '1165'+160 (see Table 4 ).
Concentration of Ni did not significantly differ between barley genotypes (Kruskal--Wallis test, p > 0.05).
Copper (Cu) concentration was from 2.8 mg·kg -1 in '1185'+80 to 4.74 mg·kg -1 in 'Kornelija'+120 (see Table   4 ).
The differences of Cu concentration between barley genotypes were statistically significant (Kruskal-Wallis test c2 = 9.000, p = 0.029). Cu concentration significantly differed between barley varieties 'Kornelija' and 'Ansis', and also 'Kornelija' and '1165' (Mann-Whitney test, z = -2.744, p = 0.006; z = -2.430, p = 0.015, respectively).
Zinc (Zn) concentration was from 20.5 mg·kg -1 in '1185'+160 to 33.7 mg·kg -1 in 'Kornelija'+120 (see Table   4 ). Zn concentration significantly differed between barley genotypes (Kruskal-Wallis test c2 = 8.441, p = 0.038). Zn concentration significantly differed between barley genotypes '1185' and 'Kornelija', between '1165' and 'Kornelija', and also between 'Kornelija' and 'Ansis' (Mann-Whitney test, z = -2.250, p = 0.024; z = -2.195, p = 0.028; z = -2.139, p = 0.032, respectively).
Aluminium (Al) concentration was from 1.62 mg·kg -1 in '1165'+160 to 6.09 mg·kg -1 in 'Kornelija'+BIO (see Table   58 Proc (Table 5) .
The highest Cd, Pb, Cr, Ni, and Zn concentrations were in barley genotypes grown conventionally. The variability of Cd, Pb, Cr, and Ni concentration in barley genotypes grown conventionally was also high. The highest Cu concentration with low variability was in barley genotypes grown organically.
The highest K and Mg concentrations with lowest variability were in barley genotypes grown organically. The highest Mn concentration with lower variability occurred in barley genotypes grown conventionally. The variability of Al and Na concentration was high in barley genotypes grown conventionally and grown organically. The variability of K, Ca, Mn, Mg, and Fe concentration was low in barley genotypes grown conventionally and grown organically. In general, the variability of Al, K, Na, Ca, Mn, Mg, and Fe concentration was lower in barley genotypes grown organically than in genotypes grown conventionally. Concentration of macro and trace elements in hulled and hull-less barley. The highest Cd, Cr, and Ni concentrations were in hulled grains ('Ansis'); Pb, Cu, and Zn concentrations were higher in hull-less grains (Table 6 ). In hulled barley grains the variability of Cd, Pb, Cr, Ni, Cu, and Zn was lower than in hull-less grains. In hulled barley grains the variability of Al, K, Na, Mn, Mg, and Fe was lower than in hull-less grain although the variability of Al and Na concentrations in hulled grains and in hull-less grains was high. The variability of Ca was higher in hull-less barley grains. The highest K, Mn, and Fe concentrations with lower variability were in hulled grains than in hull-less grains. The concentrations of Al, K, Na, Ca, Mn, Mg, and Fe did not significantly differ between hulled and hull-less grain (Mann-Whitney test, p > 0.116).
Concentration of macro and trace elements in barley depending on year.
The concentration range of some elements is rather wide ( perature and rainfall, see Table 1 ) evidently had an effect. It has previously been reported that bioavailability of trace elements depends on conditions of the environment (moisture, temperature) (Pinto et al., 2014) .
In 2011, the grain from organic farming contained less Cd, Pb, Cr, Ni, and Zn than grain from conventional farming, but the reverse occurred in other years (excepting for Cr).
Cd, Pb, Cr, Ni, Ca, Zn, Al, K, and Na concentrations in barley grains significantly differed (Kruskal-Wallis test, p 0.011) between years (see Table 7 ). Cd, Ni, Zn, Na, and Ca concentrations in grain significantly differed between 2011 and 2012 and also between 2011 and 2013 (pairwise comparisons with Bonferroni correction, adjusted p-value < 0.011). Pb, Cr, Al, and K concentrations in grain significantly differed between 2011 and 2013 and also between 2012 and 2013 (pairwise comparisons with Bonferroni correction, adjusted p-value < 0.022).
DISCUSSION
The mean and median data for all 48 barley samples, compared with values from Finland, Austria, Bulgaria, Pakistan, and north of Saudi Arabia, as well as data from soil analyses in Latvia and in Pakistan, are shown in Table 8 . Element concentrations in samples from European countries (Finland, Austria, and Bulgaria) are in the same range as in our study. In many cases soil of Pakistan contains higher concentrations of macro and trace elements than in Latvia (with the exception of Pb), and correspondingly the grain from Pakistan contains higher levels of macro and trace elements (with the exception of Cu, Zn, K, Na, Ca, Mn, and Mg). In grain samples from Saudi Arabia only Cd and Pb had higher concentrations then in samples from Latvia and other European countries (Table 8) .
Other studies, not reflected in Table 8, Poland (Wieczorek et al., 2005) According to European Commission Regulation 488/2014 (Anonymous, 2014a) the maximum allowed concentration of Cd in grain is 0.10 mg·kg -1 . This value was exceeded in barley samples from Pakistan and Saudi Arabia (see Table  8 ).
A linear relationship between Cd concentrations in plant material and growth media has been reported. In many publications, soil pH is listed as the major soil factor controlling both total and relative uptake of Cd. Soil type also affects uptake of Cd by plants. For soils with the same total Cd concentration, Cd has been found to be more soluble and more plant-available in sandy soil than in clay soil (He and Singh, 1994 According to European Commission Regulation 2015/1005 (Anonymous, 2015b) the maximum allowed concentration of Pb in grain is 0.20 mg·kg -1 ; this value was exceeded in most samples from Poland (near roadways), and in Pakistan and Saudi Arabia (see Table 8 ). The great variation of Pb content in plants is caused by several environmental factors, like geochemical anomalies, pollution, seasonal variation, and genotype accumulation ability. Genotype factors cause distinctive differences in the concentrations (Alexander et al., 2006) . Kabata-Pendias (2011) summarised information on the concentration range (4-15 mg·kg -1 ) and mean (5.5 mg·kg -1 ) of Cu in barley. Phytobioavailability and toxicity of Cu differs between chemical species. Several soil variables control Cu solubility and thus its bioavailability; these factors include pH, oxidation and reduction potential, soil texture, mineral composition, temperature, and water regime (KabataPendias and Sadurski, 2004) .
The immobilisation of Zn in soils is highly controlled by phosphorous and clays (Kumpiene et al., 2008) . Zn toxicity and tolerance in plants have recently been of special concern because of the prolonged use of Zn fertilisers, as well as its input from industrial pollution causing raised Zn concentration of surface soils. Several plant species and genotypes are known to have high tolerance to Zn and a great selectivity in absorbing Zn from soils (Kabata-Pendias, 2011). Cioùek et al. (2012) reported K concentration of 4912 mg·kg -1 in barley and Ca concentration of 306 mg·kg -1 in barley. Cereals frequently do not respond to K fertilisation and wheat is more sensitive to K deficiency than barley (Askegaard et al., 2004) . Cultivars of the same species may differ in ability to exploit soil K resources. Kan (2015) reported Na concentration in barley to be 124 mg·kg -1 (in the range of our data), and observed slightly little higher Ca concentration -487 mg·kg -1 .
Mn is one of the most abundant trace elements in the lithosphere. Several soil factors influence Mn availability to plants. The solubility of soil Mn is of significance since the plant supply of Mn depends mainly on the soluble Mn pool in the soil. In well-drained soils, the solubility of Mn always increases with increase of soil acidity. However, the ability of Mn to form anionic complexes and to complex with organic ligands may contribute to increased Mn solubility in the alkaline pH range. Mn mobility and its availability to plants increase at pH 5.5 (Kabata-Pendias, 2011).
Other studies (Cioùek et al., 2012) et al., 2015) it was shown that concentrations of heavy elements are low in all grain species grown in Latvia and used for human consumption.
The calculated values of EWI were compared with the Potential Tolerable Weekly Intake (PTWI) reported previously (Pirsaheb et al., 2015) .
Consumption of 130 g barley grain products per day did not reach the limit of PTWI for Cd, Pb, Cr, Ni, and Cu. In the case of Zn, the calculated 90% of EWI/PTWI should be significantly lower, if bioavailability of Zn is taken in account (Table 9 ). According to WHO/FAO (Anonymous, 2004) in the case of cereal grains the assumed bioavailability for Zn from cereal grains is only 15-30%.
Nutritional aspects associated with Al, K, Na, Ca, Mn, Mg, Fe, Cu, Zn, and Cr concentration in barley. To evaluate nutritional aspects associated with Al, K, Na, Ca, Mn, Mg, Fe, Cu, Zn, and Cr concentrations in barley, the mean concentration was calculated for all 48 samples (Table 10). Daily consumption was calculated presuming that all grain products (130 g) consist only of barley.
Calculated consumption data were compared with recommendations for daily intake given by the Latvian Ministry of Health 2014b) , tolerable daily intakes or upper limit of safe range of WHO (Anonymous, 1996) and tolerable daily intakes reported by EFSA (Anonymous, 2006 
